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General Introduction 
Introduction 
Escherichia coli 0157:H7, first implicated in human illness in 1982 (47), is an 
emerging food borne pathogen that causes diarrheal illness, hemorrhagic colitis , and 
in extreme cases hemolytic uremic syndrome and thrombotic thrombocytopenia 
purpura. Clinically severe infections typically develop in the very young , under age 
10, and the elderly (57) . Beef products are most often implicated as sources for 
infections and research into the bovine carrier-shedder state has been actively 
pursued (39). Several studies have been conducted on various species of food 
animals, implicating cattle as the primary reservoir for E. coli 0157:H7 (1, 4 , 6, 11, 
14, 36) . Individual cattle have the ability to transiently shed 0157:H7 in their feces, 
peaking in the summer months, keeping the individual animal carriage rate low, but 
herd prevalence high (23, 60, 61 ). Incidence in non-ruminant animals appears to be 
very low (5, 11, 14, 38, 42). Little research has been done to look for other potential 
reservoirs for E. coli 0157:H7. In surveys, both birds and pigs have been shown to 
carry 0157:H7 at low rates. Although incidence of E. coli 0157:H7 in pigs in the 
United States is extremely low (0.07%), pigs in Chile and Japan appear to be an 
important reservoir for E.coli 0157:H7 and a potential source for human infection (9, 
42, 48). 
The study presented in this thesis uses a five strain inoculum of pathogenic 
E. coli to determine the ability of both pigs and chickens to become persistently 
infected with 0157:H7 strains following oral inoculation. Fecal samples were 
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collected and quantitated for each cocktail strain. It was found that in both pigs and 
chickens the 0157:H7 strains out competed the other inoculum strains, persisting 
longer and at higher levels. At the end of the two-month study, E. coli 0157:H7 was 
recovered from the lower intestinal tract and tonsil of some pigs. These findings 
correlate with similar studies done in sheep. 
These experiments demonstrate animals other than ruminants can carry and 
be persistently colonized by E. coli 0157:H7 strains. Additional investigations into 
the carrier-shedder state of non-ruminant animals for 0157:H7, environmental 
factors and management practices need to be undertaken to determine the potential 
of these animals becoming reservoirs for the bacteria. 
Thesis organization 
This thesis contains an introduction of E. coli 0157:H7 that focuses on a 
discussion of transmission and reservoirs of the organism. The second portion of 
the document is a revised version of a research paper that was submitted to 
Emerging Infectious Diseases. The research was supported by the Iowa Livestock 
Health Advisory Council and NIH grant A1-41328. 
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Literature Review 
Human disease and incidence 
Escherichia coli 0157:H7, an enteric bacterium once considered a rare 
E. coli serotype that causes hemorrhagic colitis (47), currently accounts for 
approximately 74,000 cases of illness a year in the United States (39). Infection with 
E.coli 0157:H7 can have a wide range of manifestations. While asymptomatic 
carriers have been identified, diarrhea is most commonly seen in clinical cases. 
Hemorrhagic colitis, lasting for approximately four days, occurs in a large percentage 
of patients. Severe cases can lead to debilitating clinical illnesses such as hemolytic 
uremic syndrome (HUS) and thrombotic thrombocytopenic purpura (TTP) (26, 57). 
E. coli 0157:H7 is the leading cause of HUS with 10% of clinical infections leading to 
this complication (32, 57). Children under the age of ten are most susceptible, with 
the most severe cases occurring in the youngest patients and in those who suffered 
from hemorrhagic colitis (57). 
Along with an extremely low infectious dose of 10-100 organisms, E. coli 
0157:H7 has several virulence attributes that contribute to the pathogenesis of 
bacterial infection. The well characterized virulence factors are: Shiga toxin I, 
(nearly identical to the toxin produced by Shigella dysenteriae), Shiga toxin II 
(50% homologous to Shiga toxin I) and the eae gene coding for the protein intimin 
that rearranges the intestinal microvilli causing attaching and effacing lesions. In 
humans, the Shiga toxins target endothelial and renal tubular cells, sometimes 
resulting in hemorrhagic colitis and damaged kidneys, which plays a key role in the 
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progression to HUS (57). Treatment of E. coli 0157:H7 induced disease is limited to 
supportive care with intravenous fluids and dialysis may be necessitated in cases 
where kidney function is compromised. Although E. coli 0157:H7 is susceptible to 
most antibiotics, antibiotic therapy and antimotility drugs are greatly discouraged. 
The use of antibiotics can result in the depletion of competing gastrointestinal flora , 
increased Shiga toxin production and has also been correlated as a risk factor for 
HUS and TTP (50). MacConkey sorbitol and cefexime-tellurite MacConkey sorbitol 
plates, as well as, immunomagnetic separation beads on enrichment cultures are 
routinely used to isolate E. coli 0157:H7. DNA probes, multiplex PCR and serology 
assays are used to confirm sorbitol negative isolates. 
Food borne sources are implicated in 85% of E. coli 0157:H7 infections, with 
the majority being linked to ground beef (39). The first official outbreak was traced 
back to hamburgers served in fast food restaurants (47, 59). Venison , unpasturized 
apple juice, vegetables and unpasturized goat's milk have also been sources of 
infections caused by E.coli 0157:H7 (7, 34, 39). Although the association with 
ruminants and their by-products is striking , waterborne transmission, direct animal-
to-person and person-to-person transmission cannot be overlooked as significant 
contributors to the spread of E. coli 0157:H7 (13, 52)(56). Day care centers and 
nursing homes are locations in which person-to-person transmission is a factor for 
spread of this agent (2, 12, 54 ). In an outbreak in 1985, 55 of 169 nursing home 
residents contracted E.coli 0157:H7 infection. Associated with this outbreak there 
were 12 cases of HUS and 17 deaths (12). 
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Cattle reservoir 
Cattle continue to be the single largest reservoir for E. coli 0157:H7. This is 
not surprising as carriage rates in individual cattle in the United States range up to 
28% (23), herd prevalence for E.coli 0157:H7 ranges from 22-100% (1). The latest 
results from the National Animal Health Monitoring System (NAHMS) indicate that 
11 % of fecal samples from large feedlots were positive for Shiga toxin producing 
E. coli. This number has increased dramatically from the 1.6% positive found in the 
1994 study. This may be, partially, due to more sensitive testing methods and 
testing during peak shedding months in the summer (1 ). Both natural and 
experimental infection studies have demonstrated that cattle harbor E.coli 0157:H7 
and shed the organism for extended periods. 
Longitudinal surveys 
Several studies have been conducted to characterize the natural carrier-
shedder state of E. coli 0157:H7 in cattle. Both short-term and long-term studies 
have been used in evaluating prevalence in herds. In 1990 Wells et. al. conducted a 
large scale short-term study involving dairy cattle in response to cases of HUS 
traced back to raw milk consumption. After looking at 1,266 fecal samples, as well 
as raw milk samples and hamburger, Wells detected E.coli 0157:H7 in only 2.8% of 
calves and heifers. Although individual animal incidence was low, herd prevalence 
remained high with 45% of the dairy farms testing positive for E. coli 0157:H7. Non-
0157:H7 Shiga toxigenic E. coli, also implicated in human disease, was found on 
80% of the survey farms (60). In 1993, Zhao et. al. tested almost 1,000 fecal 
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samples from control herds where E. coli 0157: H7 had not been isolated previously 
and case herds which had tested positive in a U.S. Department of Agriculture study, 
finding a similar carriage rate of E. coli 0157:H7 in individual calves between control 
herds (4.9%) and USDA study herds (5.3%). Similar to the Wells study, Zhao also 
found the overall prevalence in case herds to be 50% for E. coli 0157:H7. Half of 
the strains isolated were recovered through direct plating at levels of 103 to 105 
cfu/g , well above the normal infectious dose (61 ). 
Long-term studies have also been conducted using dairy cattle. Besser et. al. 
sampled 10 herds monthly over a one-year period . In addition to traditional plating 
methods, they incorporated more sensitive immunomagnetic separation testing 
methods in their survey. Besser found that 63% of cattle shed for less than one 
month and concluded that colonization is transient and continuous shedding by 
cattle herds may be due largely to persistent repeated exposure to E.coli 0157:H7 
(4) . Hancock et. al. also conducted a large longitudinal study testing over 10,000 
fecal samples and found a 1 % incidence of E. coli 0157:H7. They found that a 
single sampling each month might underestimate total prevalence and that recovery 
rates went up during the months of April-August (27). Another 14 month longitudinal 
study conducted in 1995-1996 by Shere et. al. demonstrated relatively high 
shedding of E.coli 0157:H7 from 1-16 weeks (102-104 cfu/g). A seasonal effect was 
not observed in this study. Some of the herds remained negative for E. coli 
0157:H7 for two years (51). Studies conducted outside the U.S. have shown similar 
naturally occurring E. coli 0157:H7 carriage rates in cattle ranging from 1.8% to 
15.7% and also demonstrated high herd prevalence of E.coli 0157:H7 (14, 40, 41). 
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Feedlot cattle have also been tested for E. coli 0157:H7 and appear to have 
a low incidence rate similar to results found in dairy cattle. However, a study by 
Laegreid et. al. demonstrated that although incidence of fecal shedding in 15 cattle 
herds ranged from 1.7% to 20%, 83% of calves and 100% of herds were 
seropositive for E. coli 0157:H7 antibodies after testing by blocking ELISA. These 
results demonstrate that extremely high numbers of beef cattle are exposed to 
0157:H7 (36). 
Experimental studies 
Experimentally, cattle have been inoculated with 0157:H7 strains to monitor 
persistence and shedding levels of the bacteria. In a study by Cray et. al., both 
calves and cattle were inoculated with various levels of E. coli. Cray found that 
calves carried the inoculum strain longer and at higher levels than did adult cattle . 
Other than transient diarrhea, animals remained clinically normal. All calves were 
persistently infected for at least 7 weeks with one calf continuing to shed E. coli 
0157:H7 in the feces for 27 weeks. At 7 weeks, levels in the adult cattle begin to fall 
to undetectable levels. The inoculum strain was recovered from the tonsil and 
gastrointestinal tissues of some animals. There was no evidence of attaching and 
effacing lesions or bacterial layers (18) . In a similar study, Brown et. al. inoculated 
6-8 week old calves with five strains of E. coli 0157:H7 and found persistence for 27 
days. In animals shedding enrichment levels of 0157:H7, withholding food 
increased the numbers of E.coli 0157:H7 recovered in the feces. Again , other than 
transient diarrhea, calves remained clinically normal and upon necropsy no attaching 
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and effacing lesions or bacterial layers were seen (10). In neonatal calves, E. coli 
0157:H7 strains can cause diarrhea, attaching and effacing lesions and neutrophil 
infiltration in the intestine regardless of colostrum feeding or deprivation (19). 
Additional ruminant species 
Several studies have demonstrated 0157:H7 and other Shiga toxin producing 
E. coli in various ruminant species. Naturally occurring carriage has been 
demonstrated in sheep, goats, and deer (6, 14, 15, 46, 52). Kudva et. al. found a 
31 % incidence of E. coli 0157:H7 during summer months in U.S. sheep (35) . A high 
incidence of Shiga toxigenic E. coli also occurs in British sheep (66%) and goats 
(56.1 %) as well as in 69% of sheep in Australia (6, 53) . Although not of the 
serogroup 0157, these isolates contained virulence factors associated with human 
disease. Experimentally, Cornick et. al. determined shedding patterns and long-term 
persistence of E. coli 0157:H7 in sheep. It was found that E. coli 0157:H7 out 
competed other pathotypes of E. coli and persisted in some animals for two months 
(17). 
Avian incidence 
Chickens 
Poultry products rarely test positive for E. coli 0157 (22, 45, 49) , however, 
chickens have still been included in several longitudinal surveys. These surveys 
have found chickens to be free of 0157:H7 (5, 14; 30). Experimentally, several 
studies have shown that E. coli 0157:H7 strains can colonize and persist in 
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chickens. Beery et. al. demonstrated that 1-day-old chickens can be infected with 
0157:H7, shed in the feces for several months, with bacterial layers and attaching 
and effacing activity histologically present in the cecum. At 90 days, bacterial levels 
of 103 cfu/g were recovered from the cecum (3). Sueyoshi et. al. demonstrated 
similar results in a short term model of colonization when they used several strains , 
including an 0157:H7 strain , with the eae gene to examine the presence and 
severity of attaching and effacing lesions formed in chicken intestines (55). When 
given a high 0157:H7 inoculum of 108 cfu/g , 1-day-old chicks shed the organism up 
to 11 months and contaminated exterior surfaces of their eggs (50) . 
Wild birds 
Sea gulls and pigeons have also been shown to carry 0157:H7 and other 
Shigatoxigenic E. coli, occasionally. In an English survey, 0.9% of gulls and 2.9% of 
shore fecal sediments were found to be positive for 0157:H7 (58). A Japanese 
study also recovered two strains of Shigatoxigenic E. coli from a single animal when 
sampling 50 seagulls (38). Experimentally, Cizek et. al. recovered inoculated E. coli 
0157:H7 from pigeons 14-20 days post inoculation (1 6). 
Porcine incidence 
Although pork is occasionally contaminated with E. coli 0157:H7 (22, 29) , 
naturally occurring incidence of 0157:H7 in pigs remains extremely low. In a survey 
by Chapman et. al. , the 0157 serogroup was recovered in 0.4% of pigs but did not 
possess the eae gene or Shiga toxins, indicating that the strains were unlikely to 
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cause disease in humans (14). Beutin et. al. also recovered Shigatoxigenic isolates 
that were not 0157:H7 and lacked virulence attributes typical of 0157:H7 (5) . In the 
United States, the "NAHMS Swine '95" study sampled over 4,000 pigs and found a 
0.07% prevalence for 0 157: H7 (11 ). There is evidence that in some countries pigs 
serve as a significant reservoir for E. coli 0157:H7. In Japan, carriage of 0157:H7 
in pigs rivals the numbers found in cattle (41 , 42) and studies in Chile showed that 
69% of 120 healthy pigs carried enterohemorrhagic E. coli strains pathogenic for 
humans with 0157:H7 being the predominant serotype (9, 48). Experimentally, 
E. coli 0157:H7 causes systemic disease in gnotobiotic pigs (20, 24) and has been 
shown to out compete other pathogenic E. coli serotypes and persist for two months 
in market weight pigs (8). 
Control and treatment 
Currently, there is not an effective vaccine or antibiotic therapy to combat 
E.coli 0157:H7 infections. These factors have led researchers to concentrate on 
controlling infection at the source as well as in the environment. The feeding of hay 
to cattle before slaughter can diminish the population of acid resistant E. coli and 
thus lower the risk of food borne infections (21 ). Keen et. al. found a high 
percentage of 0157:H7 at several sites on beef carcasses and in the oral cavity. 
Contamination may be prevented by more stringent slaughter practices (33) . 
Environmentally, E. coli 0157:H7 has been shown to persist on alfalfa roots 
for 96 days and in frozen soil for over 500 days (25). After an outbreak at a scout 
camp, 0157:H7 persisted in the soil for nearly 4 months during the summer (44). 
11 
Water troughs have been found to be sources of 0157:H7 (28). LeJeune et. al. 
conducted a study involving cattle water troughs, and found E. coli 0157:H7 in 1.3% 
of troughs. These positive troughs also had higher coliform and protozoan counts. 
Although duration between trough cleaning did not have an effect on 0157:H7 
numbers, troughs with limited exposure to direct sunlight had decreased numbers. 
However, autoclaving and treatment with cyclohexamide showed increased numbers 
(37). 
New treatments are under development to combat E.coli 0157:H7 infections. 
SUPER TWIG uses a silicon bead coated with globotriasyl ceramide, the natural 
receptor for Stx, to attract and bind Stx, preventing toxin from reaching target cells 
(43). Another similar molecule, Starfish, uses a glucose backbone with receptors to 
bind toxin effectively; toxic effects are neutralized 10 million fold (31). 
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Potential Non-Ruminant Reservoirs of Escherichia coli 0157:H7 
A revised version of a paper submitted to Emerging Infectious Diseases 
S. L. Booher8 , N. A. Cornickb, I. Matisec, H. W. Moond 
Abstract 
Broiler chickens and feeder pigs were inoculated with five E. coli strains. The 
inoculum included two Shigatoxigenic E.coli (STEC) 0157:H7 strains, two 
enterotoxigenic E. coli (ETEC) strains and one enteropathogenic E. coli (EPEC) 
strain. A high dose inoculum with all five strains at approximately 1010 cfu/animal 
and a low dose inoculum with the STEC strains at approximately 107 cfu/animal and 
the EPEC and ETEC strains remaining at approximately 1010 cfu/animal were used. 
All of the strains persisted in the feces of some chickens given the high dose 
inoculum at two weeks post inoculation (pi). However, none of the strains persisted 
in the alimentary tracts of chickens at two months. In contrast to the results with 
chickens, the STEC strains persisted in the alimentary tracts of some pigs at two 
months pi following inoculation with both the high and low dose inocula. When all 
strains were given at approximately 1010 cfu (high dose inoculum) the STEC strains 
persisted in greater numbers and in more pigs than did the other strains. The results 
of this study demonstrated that persistent (~2 months) E. coli 0157:H7 infections 
can occur in pigs. These findings were similar to those reported from sheep 
inoculated with the same set of E. coli strains. 
a) Iowa State University; Research Associate II , graduate student, Veterinary Microbiology and 
Preventive Medicine 
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Introduction 
Shiga toxin-producing Escherichia coli (E. colt) 0157:H7 has been implicated in 
outbreaks of human disease (15) . This infection is characterized by diarrhea and can 
cause hemorrhagic colitis . The infection may also progress to hemolytic uremic syndrome 
(HUS), followed by acute renal failure , which may lead to death. HUS occurs in 
approximately 6% of people infected with the 0157:H7 serotype of E.coli and is most 
commonly seen in children (15) . 
E.coli 0157:H7 is prevalent in the gastrointestinal tracts or feces of cattle and 
other ruminants (8 , 12, 17, 22). Meat, unpasturized milk and vegetables thought to 
have been contaminated with feces from infected cattle, are often implicated in 
outbreaks of human E. coli 0157:H7 infection (15) . Outbreaks and sporadic cases 
have also been linked to water, animal-to-person and person-to-person transmission 
(1, 29, 33) . 
E. coli 0157:H7 can persist in cattle for greater than six months (10) . There 
is evidence to suggest that E. coli 0157:H7 may be adapted to persist in the 
ruminant alimentary tract. For example, E. coli 0157:H7 persisted in sheep longer 
than did other pathotypes of E. coli that were simultaneously inoculated into the 
same animal (9). Although ruminants are thought to be the major reservoir for 
E. coli 0157:H7 and other Shigatoxigenic E. coli (STEC), the agents are carried (at 
least transiently) by a variety of non-ruminant animals. Flies, wild birds, turkeys, 
horses, dogs and pigs have all been found to carry STEC 0157:H7 (3 , 4 , 18, 20, 21 , 
25, 34). The prevalence of E.coli 0157:H7 in these non-ruminant species appears 
to be lower than it is in ruminants (3, 7) . Recently, reports from Japan, the 
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Netherlands and Chile suggest that pigs may be potential reservoirs for E. coli 
0157:H7 (4, 20, 25, 26) . In contrast, the prevalence of E. coli 0157:H7 among 
market swine in the United States was found to be <0.07% (6) . Although surveys 
have not implicated chickens as a potential reservoir (2 , 7) , chickens experimentally 
inoculated at one day of age, can shed E. coli 0157:H7 for as long as 11 months 
(28). 
The experiments reported here were designed to: 1) assess the potential of 
three- week-old broiler chickens and three-month-old pigs to become persistently 
infected with E. coli 0157:H7 and 2) compare the persistence of E. coli 0157:H7 to 
that of other pathotypes of E. coli simultaneously inoculated into the same individual. 
Materials and Methods 
lnoculum. The inoculum was a set of E. coli strains previously used in 
similar sheep studies (9) . The inoculum contained three E. coli pathotypes including 
Shigatoxigenic (STEC) , enterotoxigenic (ETEC) and enteropathogenic (EPEC) and 
four serogroups (Table 1 ). STEC strains 86-24 and 3081 are serotype 0157:H7. 
STEC 86-24 was isolated from a human outbreak and STEC 3081 was isolated from 
an asymptomatic bovine. Both STEC strains produce attaching and effacing lesions 
in experimental animals (11 , 16). ETEC strains 2041 (0157:H43) and 637 (064:NM) 
were originally isolated from pigs with diarrhea and cause diarrhea in experimentally 
infected pigs (27, 30) . EPEC strain E2348/69 (0127:H6) causes diarrhea in humans 
and attaching and effacing lesions in animals (23, 24). The cocktail consisted of five 
E. coli strains, each of which can be recovered on an individual basis on selective, 
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differential media (Table 1 )(9). Cocktail strains were identified by a combination of 
carbohydrate fermentation , antibiotic resistance and serologic assays as previously 
described (9). Virulence genes for each strain were determined by PCR (5, 13). 
Each inoculum strain was individually grown overnight (18 hours) in tryptic soy broth 
(TSB), harvested by centrifugation and resuspended in TSB broth to 10% of the 
original volume as previously described (9). Aliquoted inocula were frozen in 
glycerol and held at -80°C as previously described (9). After freezing , 
representative inocula for each strain were thawed and quantitated by a spread plate 
method using ten-fold serial dilutions of the strain in PBS and pipeting 100 µI onto 
selective media using hockey sticks to spread the sample in triplicate. Plates were 
incubated overnight at 37°C and counted to verify cfu/ml for each strain (Appendix 
table 1 ). When inocula were diluted prior to animal inoculation (low dose inoculum), 
an aliquot from the diluted inocula was quantitated immediately after animal 
i no cu lation. 
Animal inoculation. Three-week-old broiler chickens and three-month-old 
pigs were used to represent animals with an established gastrointestinal flora at the 
time of inoculation and that would attain market age by the end of the experiment 
(two months later). Prior to inoculation, fecal samples were collected and cultured 
on sorbitol MacConkey agar, as well as on SN dulcitol, TN sorbose and KA sorbitol 
(Table 1) to assure that the animals were free of background flora that might 
interfere with identification of the cocktail strains. 
Twenty-six chickens were used in this study; seven as controls and 19 were 
inoculated with the E. coli cocktail strains. Chickens were acclimated to the diet and 
27 
environment for three weeks prior to inoculation . The diet consisted of a 21 % 
protein , antibiotic-free soy bean-corn starter mix (Sell , J., personal communication). 
The inoculum for each chicken consisted of 0.5 ml of each of the five inoculum 
strains (Table 1) pooled into a total volume of 2.5 ml and placed into the crop via 
catheter. Ten chickens were each inoculated with the high dose inoculum (Appendix 
table 1) which consisted of strains at levels of approximately 109 or 1010 cfu/ml. The 
remaining nine chickens were each inoculated with the low dose inoculum (Appendix 
table 1 ), which consists of STEC 0157:H7 strains at levels of approximately 5x106 
cfu/ml and the other three inoculum strains at levels of approximately 109 or 1010 
cfu/ml. The seven control chickens were not inoculated and were housed in a 
separate room from those feed the inoculum. All chickens were housed in individual 
cages with slotted floors. The cages did not allow animal-to-animal contact. 
Sixteen pigs were used ; two as controls, and 14 inoculated with the E. coli 
inoculum strains. Pigs were acclimated to the environment and diet for two weeks 
prior to inoculation . The ration was Land-0-Lakes Lean Grow 100, a 19% protein , 
antibiotic-free corn-soy bean grower feed. Inoculation was done by mixing 1 ml of 
each strain with a total of 200 g of feed . Pigs were individually fed the inoculated 
feed and observed until it was consumed (approximately 15 min). Eight pigs were 
each inoculated with the high dose inoculum (Appendix table 1 ), which consisted of 
strains at levels of approximately 109 or 1010 cfu/ml. The remaining six pigs were 
each inoculated with the low dose inoculum (Appendix table 1 ), which consisted of 
STEC 0157:H7 strains at levels of approximately 107 cfu/ml and the other three 
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cocktail strains at levels of approximately 109 or 1010 cfu/ml. All pigs were housed 
two per pen on the concrete floor with feces removed daily. The two control pigs 
were not fed the cocktail and were housed in a separate room from the inoculated 
pigs. 
Fecal sampling. Sample times were chosen to correlate with those from a 
study in which sheep were inoculated with the same E. coli inoculum (9) . Fecal 
samples from both pigs and chickens were collected on three successive days 
during three post inoculation (pi) periods. During the initial pi period , samples were 
collected on days 2, 3 and 4. Samples were collected again at two weeks pi (days 
14, 15, 16) and at two months pi (days 58,59,60). Fecal samples (<3 hours old) were 
collected from chickens by removing feces from the bottom of each cage. Pig fecal 
samples were collected immediately after defecation. Both chicken and pig fecal 
samples were held at 4°C and processed within four hours of collection . Five grams 
of feces were added to 20 ml of phosphate buffered saline (PBS) and processed 
using a Stomacher blender on normal setting for 60 seconds. This mixture was 
used for subsequent ten-fold serial dilutions in PBS. Fecal samples were plated 
quantitatively onto selective, differential media (Table 1) to determine cfu/g of feces 
for each cocktail strain. In order to detect enrichment levels (<50 cfu/g) of a cocktail 
strain , 10 g of feces was added to 100 ml of enrichment broth (TSB with 0.15% bile 
salts) , incubated overnight (18 hours) at 37°C with shaking and plated qualitatively 
onto selective, differential media (Table 1) as previously described (9). Plates were 
incubated 18-24 hours at 37°C. Isolates recovered from feces on selective, 
differential media at two weeks or two months pi and at necropsy were confirmed 
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with commercial latex agglutination reagents for the 0157 serogroup (Oxoid, 
Ogdensburg, NY.) and K99 (F5) fimbria (Veterinary Medical Research and 
Development, Inc., Pullman, WA.). The remaining strains were tested against 
monovalent antisera reactive with the 0 antigen, to determine serogroup. 
Antibody titers. Serum samples were collected from all chickens and pigs 
prior to inoculation and at two months pi and assayed against purified toxin for Stx1 
and Stx2 neutralizing antibodies. Samples were tested by making two-fold serial 
dilutions of a 125 µI serum sample within a 96 well titer plate containing 125 µI per 
well of a 2-4 CD50 concentration of either Stx1 or Stx2 toxin . Dilutions were 
incubated for 1 hour at 37°C with 5% C02, then 100 µI from each well was 
transferred to vero cell monolayers and incubated for 2 days at 37°C with 5% C02 
Titer plates were fixed with a 2% formalin mixture (20 ml of 10% formalin to 80 ml 
67mM phosphate buffer) and stained with crystal violet (5 ml of 200 proof ethanol , 
20 ml of 10% formalin , 0.13 g of crystal violet to 75 ml of 67mM phosphate buffer) . 
Plates were read with a spectrophotometer at 595 nm (9, 14). 
Tissue sampling. Two months pi, both control and E. coli inoculated 
animals were euthanized and necropsied. Chickens were euthanized with an 
intraperitoneal overdose of barbiturate and the following samples (approximately 5 
cm in length or 5 cm square) were collected: crop, duodenum, ileum, colon, cecum 
and cloaca. Pigs were sedated with an injectable anesthetic (tiletamine HCL and 
zolazepaam HCL) and then euthanized with an intravenous overdose of barbiturate. 
The following tissues (approximately five cm length or five cm square) were 
collected from pigs: tonsil , stomach, jejunum, ileum, spiral colon, distal colon, 
30 
cecum and five grams of rectal contents. Each tissue was added to 20 ml of PBS 
and processed in a stomacher in the same manner as the fecal samples. Ten ml of 
this slurry was added to 100 ml of enrichment broth . Enrichment broths were plated 
onto selective, differential media (Table 1) and streaked for isolation. When 
enrichment cultures were positive, the tissue samples were plated directly to 
determine total cfu/sample. 
Statistical methods. Bacterial counts from individual pigs and chickens 
were converted to log10 and averaged over the initial time period (days 2,3,4) , the 
two-week period (days 14, 15, 16), and two-month period (days 58,59,60). 
Differences in the magnitude of shedding between strains were analyzed by a paired 
t-test. Bonferroni's method was used to correct for type 1 error (31 ). Differences in 
the duration of shedding between strains were compared using a sign test (31 ). 
Results 
None of the animals developed signs of intestinal or systemic disease 
following inoculation with the E. coli cocktail. 
Chickens. The magnitude of shedding (cfu/strain/g feces) varied widely among 
individual chickens and strains of E. coli (Figs. 1 and 2) as well as within the three-
day sampling period ranging from consistently negative animals, intermittent 
shedding and consistently positive animals (Appendix tables 2 and 3) . Both STEC 
strains and ETEC strain 2041 were recovered from the feces of all 19 inoculated 
chickens (Figs. 1 and 2) during the initial period. The remaining two strains, EPEC 
E2348/69 and ETEC 637 were recovered from 17 /19 and 14/19 (Figs. 1 and 2). 
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STEC strains 3081 and 86-24 were recovered from 10/10 and 8/10 chickens in the 
feces of the high dose group at two weeks (Fig . 1). In comparison, when the low 
dose inoculum was given, ETEC 2041 predominated, being recovered from 7/9 
chickens at two weeks (Fig . 2). The STEC strains 3081 and 86-24 were recovered 
from only 2/9 and 1/9 chickens in the low dose group at two weeks (Fig. 2) . EPEC 
E2348/69 and ETEC 637 were not recovered. None of the five inoculum strains 
were recovered in the feces of any of the chickens at two months (Figs. 1 and 2). 
None of the strains were recovered from any of the tissues collected from the 
chickens at necropsy, two months pi (data not shown) . None of the inoculum strains 
were recovered from control animals at any time during this experiment (data not 
shown) . 
Pigs. lnoculum strains were not recovered from any of the control animals at 
any time during the experiment (data not shown). The magnitude of shedding by 
inoculated pigs during the initial period varied widely among animals and strains as 
well as within the three-day sampling period ranging from consistently negative 
animals, intermittent shedding and consistently positive animals (Appendix tables 4 
and 5). During the initial period all inoculum strains were recovered from the feces 
of every inoculated pig (Figs. 3 and 4). The highest magnitude of STEC shedding 
occurred following inoculation with the high dose inoculum (Fig. 3). STEC 86-24 
(but not STEC 3081) was shed at significantly greater numbers (p_:: .002) than the 
EPEC and both ETEC strains during the initial and two-week periods (Fig . 3) . In the 
high dose group at two weeks pi , STEC 86-24 was recovered from the feces of 8/8 
pigs, STEC 3081 from 6/8 pigs and ETEC 2041 , EPEC E2348/69 and ETEC 
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637 were each recovered from 1/8 pigs (Fig . 3) . Both STEC strains persisted for two 
months in the feces of some pigs. Strain 86-24 persisted for two months in 4/8 pigs 
and strain 3081 in 3/8 pigs when inoculated with the high dose inoculum. In the low 
dose group, STEC 86-24 was recovered from 4/6 pigs and strains STEC 3081 , 
ETEC 2041 , ETEC 637 and EPEC E2348/69 were recovered from 3/6 pigs at two 
weeks pi. However, the STEC strains were not detected in the feces of any of the 
six pigs two months after they were inoculated with the low dose inoculum (Fig . 4) . 
Although STEC 3081 was not recovered from the feces of the low dose group at two 
months, it was recovered from the cecum (but not elsewhere in the alimentary tract) 
of 2/6 pigs at necropsy (Table 2) . The STEC strains were more widely dispersed in 
the alimentary tracts of the high dose pigs that had detectable numbers of STEC 
strains in their feces at two months (Table 2, Fig . 3). Within the high dose group, 
STEC 3081 , ETEC 2041 and EPEC E2348/69 appeared to have colonized the tonsil 
more intensively than other sites in the alimentary tract (Table 2). None of the 
cocktail strains were recovered from the stomach or jejunum of inoculated pigs (data 
not shown) . 
In spite of the fact that all 14 inoculated pigs were given the EPEC and both 
ETEC strains at approximately 1010 cfu/pig, these strains were only recovered from 
the feces and alimentary tracts of a few pigs (EPEC E2348/69 from 1/14 pigs, ETEC 
2041 from 2/14 pigs and ETEC 637 from 0/14 pigs) at two months pi (Figs. 3 and 4) . 
Antibody Assays. Antibody titers to Stx1 , and Stx2 were <1 :16 for both pigs 
and chickens prior to inoculation and at two months pi. A base line of 1: 16 was 
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42 
determined to be a negative result by measuring reactivity of gnotobotic and non-
infected animal serum in the vero cell culture system (data not shown). 
Discussion 
Neither of the STEC 0157:H7 strains persisted in the feces or alimentary 
tracts of any of the chickens for two months. Alimentary tract tissues include both 
the crop and the cecum, which have been implicated as potential carcass 
contamination sites in short term Salmonella studies (19). This contrasts with 
persistence of the same STEC strains at two months during similar E. coli 
experiments in sheep (9) and pigs (Figs. 3 and 4, Table 2). As a whole, these 
results are consistent with the notion that STEC 0157:H7 strains are better adapted 
to persist in adult sheep and feeder pigs, than in broiler chickens inoculated at three 
weeks of age. Our results are consistent with reports of the failure to detect 
naturally occurring STEC 0157:H7 infection in chickens (2, 7). Our results are in 
contrast to those of Schoeni et. al. that demonstrated STEC 0157:H7 persisted for 
several months in chickens inoculated at one day of age (28). We cannot exclude 
differences in STEC strains used or in experimental design (inoculum of several 
pathotypes versus single strain inoculum) as possible explanations for the difference 
in results between these two studies. However, we speculate that the difference 
may reflect an increased resistance to the establishment of persistent colonization 
by STEC 0157:H7 with age and acquisition of normal flora in chickens (32). We 
suggest that the practice of stringent hygiene measures to prevent contamination of 
43 
susceptible neonatal chickens in hatcheries and brooders may explain why naturally 
occurring STEC infections have not been reported in chickens (2 , 7) . 
The persistence of STEC 0157:H7 strains in the feces and/or alimentary tract 
of pigs at two months pi was comparable to the results of similar experiments in 
sheep (9). When pigs were inoculated with comparable doses, the STEC strains 
persisted longer and at higher numbers than did the other pathotypes in the high 
dose inoculum (Fig. 3, Table 2), even though both ETEC strains are naturally 
occurring pig pathogens (27 , 30). Although this predominance of STEC strains in 
feces was not sustained when the STEC strains were at a dose 1,000 fold lower 
than the other pathotypes (low dose inoculum), one of the STEC strains still 
persisted in the cecum of two pigs two months after inoculation . These results are 
consistent with reports of naturally occurring STEC 0157:H7 infections in pigs (4 , 
20, 25) . They lead us to speculate that the low prevalence of STEC 0157:H7 
among U.S. slaughter pigs (6) may not be due to an innate resistance of weaned 
pigs to colonization and persistence by the agent. Differences in hygiene and/or 
management practices between swine and cattle production may account for the 
comparatively low prevalence of STEC among pigs in the United States (6) . 
In conclusion , this study provided evidence of initial colonization by E. coli 
0157:H7 in three-week-old chickens and three-month-old pigs, with persistence of 
the agent for two months in pigs. Studies on the transmissibility and effects of 
management practices on colonization of E. coli 0157:H7 in pigs are needed to 
define the potential risk of pigs becoming a reservoir for E. coli 0157:H7. 
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General Conclusions 
E. coli 0157:H7 continues to be a public health concern for most Americans 
accounting for approximately 74,000 cases of food poisoning each year despite 
increased awareness programs stressing the need for frequent hand washing and 
thorough cooking of raw foods. Outbreaks most often have some sort of ruminant 
connection whether it is through undercooked meat, fecal contaminated vegetables 
or unpasteurized milk and apple juice. Although the carrier-shedder state has been 
well characterized in cattle, little is known about the involvement of other animals as 
vectors. 
The study described here helped to determine if other food production 
animals could be at risk for infection by E. coli 0157:H7 and if they may become 
persistently colonized reservoirs. We found that both chickens and pigs can be 
colonized by E. coli 0157: H7 demonstrating persistence of the bacteria for two 
months in swine. These findings were surprising due to the incredibly low rate of 
E.coli 0157:H7 in U.S. swine determined by the National Animal Health Monitoring 
Service's 1994 study, which sampled over 4,000 pigs. Clearly, increased research 
involving bacteria-host interactions, management practices, testing methods, and 
environmental factors need to be conducted to determine why pigs can be 
experimentally infected and demonstrate long-term persistence without much 
evidence of these infections occurring naturally. 
Experimentally, chickens have been inoculated at 1 day of age and 
persistently infected for up to 11 months, meanwhile shedding bacteria in their feces 
52 
and externally contaminating eggs. Although not concluded from these experiments, 
continued research in our laboratory has demonstrated persistence in three-week-
old chickens for two months. Continued research and repeatable results must be 
confirmed before speculating on the ability for chickens to become a reservoir for 
0157:H7. 
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